
1. Introduction

GOES-16 AtmosphericMotion Vectors (AMVs) were declaredoperationalat NOAA/NESDIS on

June1, 2017. GOES-17 AMVs are currently being closely evaluatedby the GOES-R Algorithm

Working Group(AWG) winds productteamin light of the GOES-17 ABI cooling systemanomaly

andin preparationfor formal validationreviews.

Efforts to validateandcharacterizethequality of AMVs from bothGOES-16 andGOES-17 continue.

A number of deep-dive analysis tools were developedto support this ongoing effort. More

specifically,a stand-alonetool hasbeendevelopedthatpermitsthegenerationof AMVs for selected

targetscenesanddeep-diveanalysisof individualAMVs ona caseby casebasis. This tool, capableof

displayingdetailedoutput from the two major componentsof the wind derivationprocess(height

assignmentandtracking),allows for a morethoroughexaminationof individual AMV targetscenes.

Another tool was developedthat interrogatesa databaseof collocatedAMVs and rawinsondesto

identify and isolateoutlier AMVs for further studyutilizing the stand-alonetool. The spatiallyand

temporally collocated rawinsondewind observationsprovide the necessaryground truth. The

combinationof thesetools and othershas beenand continuesto be critical to understandingand

characterizingerrorsassociatedwith thederivedwinds. This posterwill presentin depthGOES-16/17

casestudyresultsandfindingsfrom theuseof all thevalidationanddeep-dive toolsnotedabove.
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2. Deep-Dive Case Study Analysis 
Deep-dive analysistools,developedto both isolateoutliersin theAMV vs. RAOB matchverification

databaseandevaluatedetailedoutputfrom the two major componentsof the wind derivationprocess

(height assignmentand tracking), are utilized to bettercharacterizeAMV errorson a caseby case

basis. Coordination betweenthe Winds and Cloud AWGs on these caseshave led to a better

understandingandimprovementof overallAMV quality.

Case 1: GOES-16/17 Overlap Region Comparison ïBand 14 AMV

GOES-17 AMV vs. RAOB

03/29/2019  00 UTC

GOES-16 AMV vs. RAOB

03/29/2019  00 UTC

GOES-17 AMV vs. Brownsville, TX RAOB

GOES-16 AMV vs. Brownsville, TX RAOBGOES-17 AMV vs. Brownsville, TX RAOB

Brownsville, TX RAOB

GOES-17 AMV
Assigned Height (mb) �±516mb

Level of Best Fit (mb) - 506mb

Speed Bias = 0.25 mps

Vdiff = 1.52 mps

Brownsville, TX RAOB

Brownsville, TX
03/29/2019

23:24 UTC

GOES-17 GOES-16

GOES-16 AMV
Assigned Height (mb) �±504mb

Level of Best Fit (mb) - 492mb

Speed Bias = -0.46 mps

Vdiff = 0.99 mps

Full Disk imageshavebeenremappedto Mercatorprojection. The nominal imagetimesare the same,but actualscan

times of overlap region differ by a few minutes. The featurebeing trackedis the samefrom eachsatellite with a

consistentandgoodquality resultfrom each.

Selectedoutput from the stand-aloneprocessingtool showinglargesttrackingclusters,CTP field andhistograms,and

line/elementscatterplot of motion(reversetimestep). For this casetherewasgoodagreementbetweenthetwo retrieved

vectors.

CTP �±Entire Scene

CTP �±Largest Cluster
CTP �±Entire Scene

CTP �±Largest Cluster

2. Deep-Dive Case Study Analysis (cont.) 

Case 2: GOES-16/17 Overlap Region Upper Level Slow Bias ïBand 14 AMV

GOES-17 AMV vs. RAOB

07/08/2019  00 UTC

GOES-16 AMV vs. RAOB

07/08/2019  00 UTC

Great Falls, MT

07/08/2019 23:18 UTC

Full Disk imageshavebeenremappedto Mercatorprojection. Thenominalimagetimesarethesame,but actual

scantimesof overlapregiondiffer by a few minutes. The featurebeingtrackedis the samefrom eachsatellite

with consistentfeaturetrackingresultsfrom each.

GroundTruth (GreatFalls,MT RAOB) indicatesBaselinealgorithmheightassignmentsfor both retrievalswere

too high in theatmosphere(too low in P). Thelargeheighterrorcombinedwith a stronggradientin verticalwind

shearleadsto largeslow speedbiasesfor bothvectors.

GOES-17 AMV
Assigned Height (mb) �±324mb

Level of Best Fit (mb) - 459mb

Speed Bias = -13.17 mps

Vdiff = 13.57 mps

GOES-16 AMV
Assigned Height (mb) �±330mb

Level of Best Fit (mb) - 459mb

Speed Bias = -12.89 mps

Vdiff = 13.03 mps

AMV Height

Great Falls, MT RAOB
Great Falls, MT RAOB

GOES-17

Selectedoutput from the AMV Stand-aloneprocessingtool showinglargesttracking clusters,CTP field and

histograms,andline/elementscatterplot of motion (forward timestep). For this caseHistogramandCTPplots

showlargespreadin heights,aswell astwo peaksin CTPvaluesindicatingamulti-levelcloudscene.

The DominantCloud Type from the Baselineoutputfor both vectorsis �³�7�K�L�F�NIce.�´ However,that parameteris

derivedfrom the entire targetscene. Whenevaluatingthe LargestClusterfrom the stand-alonetool output, the

sceneis more accuratelyclassifiedas �³�P�L�[�H�G.�´ GOES-16 identified more pixels as super-cooled water with

slightly higherCTP(lowerZ) valuesassignedto thosepixels.

For both vectorsthe trackingsolutionitself wasrobust,but heightassignmenterrorsof roughly 130 mb leadto

largeslow speedbiases.

GOES-17 GOES-16

Cloud Phase Cloud PhaseCloud Type Cloud Type

2. Deep-Dive Case Study Analysis (cont.) 

Case 3: GOES-16 Baseline vs. Enterprise Cloud ïBand 14 AMV

GOES-16 AMV vs. RAOB

07/08/2019  00 UTC

This casehighlights improvements

made to the Baseline height

assignment algorithm since its

initial development.

TheAMV Stand-aloneTool is used

here to processa Ch14 GOES-16

wind vector using the current

Baseline Cloud Algorithm and

comparing it to the same vector

retrieved using the improved

EnterpriseCloudAlgorithm.

Theregioncircledin theCaribbean

will bethefocushere.

GOES-16 Baseline AMV  vs. Santo Domingo, DR RAOB

BA

Santo Domingo, DR

07/08/2019   23:01 UTC

GOES-16 Baseline AMV
Assigned Height (mb) �±218mb

Level of Best Fit (mb) - 238mb

Speed Bias = -3.48 mps

Vdiff = 3.48 mps

GOES-16 Enterprise AMV
Assigned Height (mb) �±246mb

Level of Best Fit (mb) - 244mb

Speed Bias = 0.11 mps

Vdiff = 0.60 mps

GOES-16 AMV vs. Great Falls, MT RAOBGOES-17 AMV vs. Great Falls, MT RAOB GOES-16 Baseline AMV vs. Santo Domingo, DR RAOB G
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SpeedBias and Vector Difference results from the RAOB match indicate the EnterpriseCloud

algorithm(vector�µ�%�¶��clearlyperformedbetterthantheBaseline(Vector �µ�$�¶��whenassigningtheheight

for thisvector.

GOES-16 Baseline Cloud

�9�H�F�W�R�U���µ�$�¶
GOES-16 Enterprise Cloud

�9�H�F�W�R�U���µ�%�¶��

Selectedoutputfrom theAMV Stand-aloneprocessingtool showinglargesttrackingclusters,CTPfield,

CTP histogram,and Cloud Type field. Note the tracking and Cloud Type fields are identical as these

componentsshouldbehere. Thedifferencesbetweenthecloudalgorithmslie in theCTP. Also, notethat

theEnterpriseCTPplots(vector�µ�%�¶��showmoreindicationof multi-level cloudin boththeoverallscene

andlargestcluster.

ThedominantCloudType is ice with someoverlapfor both �µ�$�¶and �µ�%�¶. TheEnterprisealgorithmdid a

superiorjob identifying the lower heights(in atmosphere; higherP) in this scene,particularly for those

pixels usedin the tracking. The height assignmenterrorswere enoughto lead to a Baselineslow bias

greaterthan3m/s.

�‡ Targetsceneis on theedgeof adissipatingcloudmasstypedasice.

�‡ ThecurrentCloudheightalgorithmis anOptimalEstimation(1D VAR) approachandthe

first guesscloudheightis importantfor cloudslike thoseshownin this targetscene.

�‡ Most cirrus arenearthe Tropopauseandthe cloud height �D�O�J�R�U�L�W�K�P�¶�Vclimatologicalfirst

guessoverestimatedthecloudheight(underestimatedthecloudpressure).

Why did the Baseline Cloud Height Retrieval perform poorly in this case?

Applying latest version of the Enterprise Cloud Height Algorithm to this case

�‡ For this casetheEnterpriseversionof thecloudheightalgorithmproducesimprovedcloudtop

pressures,aswell asbetterresolvingthe multi-level cloud structurepresent. Theseresultsare

now consistentwith andsupportedby theSantoDomingoradiosondeobservation.

�‡ TheEnterpriseAlgorithm hasprogressedcontinuouslysincethe developmentof theGOES-R

Ground System Baseline Algorithm and now supports many sensorsand IR channel

combinations.

�‡ It hasimplementeda morecomplexschemewhereopaquepartsof cloudsareprocessedfirst

andthesevaluesserveasthefirst guessfor thinnercloudregionsandedges(which oftenform

AMV targets).

�‡ The algorithm has also has benefitted from better Radiative Transfer and Microphysical

methodsimplementedoverthelastdecade.

Largest Tracking Cluster Largest Tracking ClusterCloud Top Pressure Cloud Top Pressure

CTP �±Entire Scene

CTP �±Largest Cluster

CTP �±Entire Scene

CTP �±Largest Cluster
CTP �±Entire Scene

CTP �±Largest Cluster

Largest Tracking Cluster Largest Tracking ClusterCloud Top Pressure Cloud Top Pressure

Cloud Top Pressure Cloud Top PressureLargest Tracking Cluster Largest Tracking Cluster

Cloud Type Cloud Type

Ice, Thick Ice, Mixed, Overlap Ice, Thick Ice, Mixed, Overlap

Ice, Thick Ice, Mixed, Overlap
Ice, Thick Ice, Mixed, Overlap

GOES-16

CTP �±Entire Scene

CTP �±Largest Cluster


